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An endoscopic approach to early glottic carcinoma is considered a sound treatment for both previously untreated lesions and
selected recurrent lesions. Between January 1988 and December 2000, we treated 322 patients by C02 laser at a single institution; 37
had Tis, 191 T'la. 55 Tl b, and 39 T21esions (mean follow-up, 77 months; range, 6 to 180 months). Kaplan-Meier curves showed a 5-
year overall survival rate of 88%, a determinate survival rate of 99%, a disease-free survival rate of 81%, a rate of ultimate local
control with laser alone of 91%, and a laryngeal preservation rate of 97%. Univariate and multivariate analysis showed that the only
factor that statistically affected endoscopic control was lateral extension of the tumor with involvement of the bottom of the ventricle
(hazard risk ratio, 4.0; 95% confidence interval, 1.71 to 9.35). The 58 recurrences were classified according to their location com-
pared with the site of the primary tumor as follows: 14 in the same area (group A), 27 in adjacent subsites with superficial spreading
or multifocal distribution (group B), and 17 in adjacent sites by submucosal diffusion to the visceral spaces, cartilaginous framework,
or extralaryngeal tissues (group C). For each group, we analyzed the rate of patients who underwent salvage by endoscopic or open
neck procedures and the rate of laryngeal preservation. Recurrences in groups A and B were endoscopically treated in 86% and 74%
of cases, respectively. By contrast, in group C no patient was endoscopically cured, and there was a low laryngeal preservation rate
(47%). The pathways of spread in recurrent carcinoma are therefore the single most important factor in predicting its endoscopic
curability.
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INTRODUCTION
Early-stage glottic cancer (Tis, Tl, orT2) encom-
passes a variety of lesions ranging from superficial
neoplasia involving a portion of the vocal cord to
tumors reaching the supraglottic and/or subglottic re-
gions with vocalis muscle infiltration or deep exten-
sion to the visceral compartments (inferior and su-
perior paraglottic, and preepiglottic spaces). 1-5
In order to appropriately stage these lesions, endo-
scopic evaluation of their superficial extension un-
der microlaryngoscopy combined with tridimension-
al study by radiologic imaging of the visceral spaces
is therefore mandatory. Intraoperative examination
with 0°,30°, 70°, and 120° rigid endoscopes allows
multiple perspectives of the lesion with an accurate
inspection of hidden areas such as the inferior as-
pect of the vocal cord, the anterior commissure, the
bottom and top of the ventricle, and the subglottic
region.> Radiologic evaluation by computed tomo-
graphic scan and/or magnetic resonance imaging de-
tects the neoplastic extension to the deep visceral
spaces, providing information on tumor volume,
pathways of intralaryngeal and extralaryngeal spread-
ing, and lymph node status."
Progression of laryngeal cancer is influenced by the
presence of well-known anatomic barriers such as the
vocal ligament, conus elasticus, ventricular band, qua-
drangular membrane, and cartilaginous framework
delineating the visceral compartments of this organ,
in which the tumor usually remains confined. There-
fore, the pattern of growth and spreading of the un-
treated neoplasms is usually predictable on the basis
of their origin, localization, and adjacent anatomic
structures. 1-5 By contrast, after surgical excision of
the tumor and surrounding healthy tissues, such pre-
dictability is considerably decreased, and the endo-
scopic curability is related to the specific pattern of
neoplastic extension through the residual barriers.
We herein present the results of 322 cases of Tis,
Tl, or T2 glottic cancer treated by endoscopic C02
laser excision at a single institution. Particular atten-
tion is given to the recurrences and to their local path-
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ways of spread into the visceral spaces, in order to
clearly delineate the indications, contraindications,
and benefits of endoscopic treatment, both as a first
therapeutic approach and for salvage surgery.
MATERIALS AND METHODS
Between January 1988 and December 2000, 322
patients with early-stage glottic squamous cell car-
cinoma were endoscopically treated by C02 laser at
the Department of Otolaryngology of the University
of Brescia, Italy. These were classified according to
the 2002 Union Intemationale Contre le CancerTNM
systems and included 37 Tis, 246 Tl (191 Tla, 55
Tl b), and 39 T2 lesions. Among the T2 lesions, we
distinguished 24 lesions with a superficial extension
to the supraglottis and/or subglottis but normal vo-
cal cord mobility, and 15 tumors with impaired mo-
bility. The patient population included 304 men and
18 women with a mean age of 61 years (range, 29 to
88 years). With the exception of90 patients who had
undergone random biopsy or mucosal stripping for
diagnostic purposes elsewhere and were therefore en-
rolled at our institution for subsequent endoscopic
treatment of persistent glottic erythroleukoplakias,
none of the other patients had been previously treated.
Tumor excision under microlaryngoscopy was al-
ways performed with a Sharplan 1055 S C02 laser
(Sharplan, Tel Aviv, Israel) with superpulse delivery
in continuous mode (1 to 5 W), coupled with an Acu-
spot 712 micromanipulator (270-llm spot size).
The endoscopic resections were graded according
to the European Laryngological Society Classifica-
tion, including 5 types of cordectomy: subepithelial
(type I), subligamental (type II), transmuscular (type
III), total (type IV), and extended (type V).9 Their
choice was based on the superficial and deep exten-
sion of the tumor, which was evaluated before and
during operation by means of videolaryngostrobos-
copy, rigid endoscopy, supravital staining, and infu-
sion of saline solution into Reinke's space. In se-
lected patients with Tlb lesions involving the ante-
rior commissure or T2 lesions, a preoperative com-
puted tomographic scan or magnetic resonance imag-
ing scan was performed to rule out any infiltration
of the cartilaginous framework and to precisely eval-
uate the paraglottic and preepiglottic extension.
On the basis of the aforementioned diagnostic
workup, we performed a type I cordectomy in 22
lesions assumed to be carcinomas in situ that did not
transgress the basal membrane; a type II cordectomy
in 62 lesions of the middle third of the vocal cord
suspected to be microinvasive or invasive carcino-
mas; a type III resection in 90 patients previously
submitted elsewhere to random biopsies, mucosal
stripping, or inadequate surgical procedures with al-
teration of the multilayered structure of the vocal cord
and persistent erythroleukoplakias; a type IV exci-
sion in 53 Tla lesions involving the entire vocal cord;
and a type V cordectomy in 95 cases of tumors ex-
tending to the anterior commissure, contralateral vo-
cal cord, supraglottis, or subglottis.
Patients who underwent type I, II, or III cordec-
tomy were treated according to the excisional biopsy
technique, with a one-piece removal of the lesion
along with a rim of surrounding healthy tissue. By
contrast, lesions to be managed by a type IV or V
resection first underwent an intraoperative biopsy of
the most suspicious area of the lesion with subse-
quent frozen section. In case of confirmation of the
neoplastic nature of the lesion, a type IV or V exci-
sion was then performed if the patient had given prior
consent to a curative endoscopic procedure. By con-
trast, if the patient preferred other treatment meth-
ods discussed with him or her during counseling, the
routine diagnostic workup was completed without
any further surgical excision. We did not routinely
obtain frozen sections in the operating room after la-
ser resection.
All patients were followed up with periodic vid-
eolaryngostroboscopic examinations, scheduled ev-
ery 2 months in the first 2 years and with decreasing
frequency afterward. A second laser procedure was
always scheduled within the first 6 months in case
of positive surgical margins or the presence of suspi-
cious persistent lesions at subsequent endoscopic fol-
lOW-Up examinations.
All patients of the present series had at least 2 years
of follow-up (last consultation on December 2002).
The mean follow-up was 77 months (range, 6 to 180
months). Ten patients with less than 2 years of follow-
up (range, 6 to 21 months) died of unrelated causes,
and only I died of primary and nodal recurrence 17
months after surgery.
Statistical analysis was performed with the SPSS
statistical package. Absolute survival data were as-
sessed from the date of surgery to the date of death
(regardless of the cause), or the date of last consulta-
tion. For the analysis of disease-specific survival data,
patients who died of unrelated causes were consid-
ered as without recurrence at the date of death. The
end point for disease-free survival was the date of
local or regional recurrence or of distant metastasis.
The end point for local control by endoscopic exci-
sion alone was the date of local recurrence requiring
open neck surgery and/or radiotherapy. The end point
for the laryngeal preservation curve was the date of
total laryngectomy. Survival curves were estimated
by the Kaplan-Meier method.
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TABLE 1. LOCAL CONTROL BY ENDOSCOPIC
EXCISION (LOG-RANK TEST)
The prognostic value of nine variables (pT cate-
gory, lateral extension, craniocaudal extension, de-
gree of differentiation, vocal cord mobility, vocalis
muscle infiltration, type of cordectomy, involvement
of surgical margins, endoscopic re-treatment) on local
control by endoscopic excision alone was tested by
univariate analysis with the log-rank test (Table I).
Variables that directly express the extension of the
*Statistically significant.
p
.3
.4
.3
.01*
0.12-3.82 .7
0.42-3.89 .7
0.28-1.32 .21
1.71-9.35
0.04-2.92
0.16-1.81
0.64-3.35
95%
Confidence
Interval
0.68
1.12
0.60
1.47
0.35
Hazard
Risk
Ratio
TABLE 2. MULTIVARIATE COX MODEL
RESULTS
Inthe present series, 3 patients (I %) died of laryn-
tumor (lateral extension, craniocaudal extension, vo-
cal cord mobility, vocalis muscle infiltration) or that
are related to the treatment (involvement of surgical
margins, endoscopic re-treatment) were chosen for
further multivariate analysis. The Cox regression
model was used to assess a combination of variables
for predicting local control by endoscopic excision.
Model selection to identify the variables was based
on the Akaike Information Criterion. For each vari-
able, the Cox regression model assessed the hazard
risk ratio for local control by endoscopic surgery
alone (Table 2).
Recurrence was defined as a biopsy-proven neo-
plastic lesion treated less than 60 months earlier. For
longer time intervals, we defined the lesion as a sec-
ond laryngeal tumor, independently of its site of ori-
gin. We performed a detailed analysis on the first re-
currences, classifying them into three different groups
according to their location versus the site of the pri-
mary tumor as follows: group A, recurrences in the
same area as the first tumor; group B, recurrences in
adjacent laryngeal subsites with superficial mucosal
spreading or a multifocal pattern of distribution; and
group C, recurrences in adjacent subsites through a
submucosal pathway toward the deep visceral spaces,
cartilaginous framework, or extralaryngeal soft tis-
sues.
Lateral extension; involvement 0.53
of floor of ventricle vs no
lateral extension
Lateral extension; involvement 4.00
of roof of ventricle and/or
false vocal cord vs no lateral
extension
Craniocaudal extension;
involvement of anterior
commissure vs no cranio-
caudal extension
Craniocaudal extension;
involvement of subglottis
and/or supracomrnissural
regions vs no craniocaudal
extension
Vocal cord mobility
Vocalis muscle infiltration
Neoplastic involvement of
surgical margins
Endoscopic re-treatment 1.94 0.81-4.66.1
Six covariates; X2 =9.53 with 2 degrees of freedom; p < .05.
*Statistically significant.
Variable
.5
91.1
86.7
.2
91.7
82.4
.3
88.7
93.3
.1
91.9
84.9
.3
100.0
93.5
91.9
88.4
87.5
Estimated
5-Year
Survival
Rate (%) p
.0001*
88.4
93.1
78.2
.6
91.1
87.4
.0005*
92.1
94.6
68.9
.5
91.3
88.3
92.9
295
27
37
246
39
No. of
Patients
Lateral extension
None 241
Involvement of floor of 57
ventricle
Involvement of roof of 24
ventricle and/or false vocal
cord
Craniocaudal extension
None 249
Involvement of anterior 58
commissure
Involvement of subglottis 15
and/or supracommissural
region
Vocal cord mobility
Normal 307
Reduced 15
Vocalis muscle infiltration
No 292
Yes 30
Neoplastic involvement of surgical margins
No 174
Yes 148
Endoscopic re-treatrnent
No 274
Yes 48
Type of cordectomy
I 22
II 62
III 90
IV 53
V 95
pT category
Tis
TI
T2
Degree of differentiation
Tis-G2
G3
Variable
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geal cancer and 43 (13%) died of unrelated causes.
In the unrelated-causes group, 17 died of nonneo-
plastic diseases and 26 of nonlaryngeal tumors. At
the end of follow-up, 260 patients (81%) were free
oflaryngeal disease; 16 (6%) were lost to follow-up.
The 5-year overall survival rate for this patient pop-
ulation was 88%. The Kaplan-Meier curves showed
a determinate survival rate of 99%, a disease-free
survival rate of 81%, a rate of ultimate control with
laser alone of91 %, and a laryngeal preservation rate
of97%.
Of the nine variables tested with univariate analy-
sis, pT category (p =.0001) and lateral extension (p
= .0005) showed a significant influence on local con-
trol with endoscopic excision alone (Table I). The
model of multivariate Cox analysis on local control
with endoscopic excision alone included 6 covariates
(X2 =9.53 with 2 degrees of freedom; p < .05). A
significantly increased risk of recurrence was related
only to lateral extension (hazard risk ratio, 4.0; 95%
confidence interval, 1.71 to 9.35; p =.01; Table 2).
Forty-eight patients (15%) were submitted to en-
doscopic reexcision: 34 for positive surgical margins
and 14 for persistence of suspicious lesions at the
first postoperative follow-up visit. The second sur-
gical specimen tested positive for persistent neopla-
sia in 21 cases (44%).
Fifty-eight patients (18%) presented with a first
recurrence after a mean of 20 months (range, 7 to 59
months). Ten of these lesions had been initially staged
as Tis, 38 as T'l , and 10 as T2. On the basis of the
aforementioned classification, the first recurrences
were subdivided into 3 groups according to their site
and pathway of diffusion: group A (14 patients),
group B (27), and group C (17).
In group A, 12 patients (86%) underwent salvage
endoscopic surgery alone, and 2 had endoscopic sur-
gery plus radiotherapy. In group B, 20 patients (74%)
were treated with an endoscopic procedure, 4 with
endoscopy followed by radiotherapy, 1 with laser sur-
gery plus functional neck dissection and radiotherapy,
and 2 with radiotherapy alone. In group C, no pa-
tients underwent salvage with endoscopic surgery
alone, 1 had endoscopic surgery plus radiotherapy, 6
had supracricoid laryngectomy, and 9 had total lar-
yngectomy. One patient refused any additional treat-
ment.
DISCUSSION
The anatomic compartmentalization of the larynx
by means of ligaments and membranes makes onco-
logical endoscopic surgery feasible even with a few
millimeters' safe margin. In particular, in Tis and T 1a
glottic tumors, a diagnostic workup including preop-
erative videolaryngostroboscopy and intraoperative
rigid endoscopy with infusion of saline solution into
Reinke's space can be routinely applied in order to
better modulate the ultranarrow-margin cordecto-
mies. 10-2 1 A previous study from our institution has
shown the accuracy of such a test battery, by which
neoplastic deep extension is underestimated only in
a small number of cases.F
Phonomicrosurgery for Tis or Tl glottic cancer
has therefore recently reached a favorable balance
between oncological complete resection and func-
tional preservation. This balance was made possible
with the introduction of endoscopic partial cordec-
tomy, which tailors the amount of vocal cord resected
to the deep extent of the lesion, thus minimizing the
disruption of surrounding healthy tissues. 9,1l ,17,2 1,23
Recent studies, in fact, confirmed that superficial cor-
dectomy sparing the vocalis muscle allows defini-
tive treatment with a high cure rate and a vocal out-
come comparable to that of normal subjects.23 ,24 On
the other hand, such a treatment policy causes the
risk of positive margins, as has also been demon-
strated by our experience. Although fewer than half
of the patients who underwent reoperation for posi-
tive margins showed cancer in the second surgical
specimen, one could argue this is an undue amount of
undertreatment. However, a number of factors in the
present series can be considered responsible for such
a finding: the learning curve of the surgeon over a
long span of time, thermal damage of the laser and
coarctation of the edge of the specimen during exci-
sion and formalin fixation, and false positives on the
histopathologic examination. Moreover, use of mul-
tiple frozen sections for margin control after excision-
al biopsy was routinely rejected because of their un-
reliability and intrinsic discrepancy with the phono-
microsurgical approach to these lesions.
On the other hand, more extensive lesions, such
as Tlb lesions with anterior commissure involvement
and T2 lesions, must be evaluated with imaging be-
fore operation in order to avoid an underestimation
of the involvement of the visceral spaces and carti-
laginous framework.t-" Furthermore, both endosco-
py and imaging are extremely useful in customizing
the compartmental resections to the volume of the
tumor. Such endoscopic procedures extend resection
to the anterior commissure, the bottom of the ventri-
cle, and the false vocal cord, sometimes involving
the entire paraglottic space, and allow good oncolog-
ical results, albeit with a poorer vocal outcome.24-32
The oncological soundness of our endoscopic ap-
proach to early glottic cancer is demonstrated by the
local control and laryngeal preservation rates of the
present series, which are comparable to those re-
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ported in the literature for both radiotherapy and open
neck surgery.28,33-36
The most frequent site of origin of glottic cancer
is the free edge of the vocal cord. The tumor has a
distinct tendency to remain confined to Reinke's
space, superficially involving the anterior commis-
sure and/or the vocal process ofthe arytenoid. Its deep
extension is limited by the vocal ligament, which re-
duces to a minimum the possibility of thyroarytenoid
muscle infiltration. I I ,37
The superficial extension of the tumor to the ante-
rior commissure rarely causes thyroid cartilage in-
filtration, because of the presence of the solid bar-
rier represented by Broyles' ligament.38-41This ana-
tomic structure, formed by the union of the thyroepi-
glottic ligament, the vocal ligaments, and the conus
elasticus, is composed of dense fibroelastic tissue; it
has no glandular structures, blood, or lymphatic ves-
sels. On the other hand, tumors of the anterior com-
missure with supraglottic and/or subglottic extension
present a discrete propensity for extralaryngeal spread-
ing through the thyrohyoid membrane superiorly and
the cricothyroid space inferiorly.P In such areas, in
fact, glandular and vascular structures are present and
become much more frequent in both the cranial and
caudal directions.38-41 Nevertheless, our statistical
analysis clearly demonstrates that the presence of such
a superficial supracommissural and/or subcommis-
sural extension does not significantly influence the
oncological outcome. Such pathways of spread, in
fact, can be detected by an appropriate preoperative
radiologic examination combined with detailed intra-
operative rigid endoscopy. When doubts still persist,
an infrapetiolar exploration as described by Zeitelsf-
may further exclude the presence of laryngeal frame-
work involvement. If one or more of these diagnos-
tic findings suggests cartilaginous infiltration, an en-
doscopic approach has a high risk of failure and ex-
poses the patient to the persistence of disease in the
cervical soft tissues.
Our data showed no significant impact on local
control of impaired vocal cord mobility due to patho-
logically confirmed thyroarytenoid muscle infiltra-
tion. In such cases, in fact, a cordectomy extended
to the entire paraglottic compartment has been shown
to be an oncologically safe procedure.
Lateral extension of glottic neoplasms can involve
the bottom of the ventricle, the false vocal cord, and
the subglottic region, either superficially or deep to
the conus elasticus. In our study, a negative impact
was found for the involvement of the bottom of the
ventricle and false vocal cord due to the neoplastic
infiltration from these areas toward the paraglottic
space in a vertical direction. The absence of a well-
defined anatomic barrier at this level makes it possi-
ble for the tumor to become a transglottic lesion with
submucosal extension into the supraglottis and sub-
glottis and further extending into the extralaryngeal
tissues. 4o,43,44 These lesions obviously are incurable
by endoscopic surgery alone and have a poorer prog-
nOSIS.
In our experience, recurrences following endo-
scopic surgery present the same biological behavior
as the primary lesions. The superficial ones (groups
A and B) tend to remain confined to the mucosal sur-
face and show a slow spreading to the visceral spaces.
By contrast, submucosal recurrences (group C) of-
ten find fewer anatomic barriers to their deep infil-
tration and thus spread unpredictably.
These observations are confirmed by a detailed
analysis of the recurrences and methods of rescue
treatment in the present patient population. In fact,
those recurrences classified into groups A and B were
endoscopically salvaged in 86% and 74% of cases,
respectively. The high rates of endoscopic control
demonstrate that these lesions have a rate of local
control comparable to that observed in the primary
tumor. By contrast, recurrences classified into group
C were never endoscopically rescued, even by a com-
partmental excision of the paraglottic space. Lateral
extension and transglottic involvement were mainly
found to be the causes of such therapeutic failure.
In conclusion, both primary and salvage endoscop-
ic treatments have as their main limit the lateral sub-
mucosal extension ofthe so-called transglottic tumors.
In such cases, the possibilities of endoscopic control
by even a compartmental resection are reduced by
the absence of anatomic barriers that limit neoplas-
tic spreading to adjacent visceral spaces. Therefore,
in such cases, open neck procedures and/or radiother-
apy must be considered an alternative therapeutic op-
tion with a higher laryngeal preservation rate.
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